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ABSTRACT 



The Hydrogen Fluoride/Deuterium Fluoride Laser is a fast 
flow electrical discharge operated chemical laser. Refitting 
of the subsystems of the laser was completed and lasing was 
observed utilizing a 100 percent reflectance mirror and a 95 
percent reflectance output coupling mirror. The maximum 
multiline output power obtained was 2.6 Watts at 19.0 kV and 
475 mA. The data obtained was in general agreement with 
previously reported data. However, an increase in power 
output from 1.6 to 2.6 Watts was obtained by utilization of 
a Hipotronics power supply that enabled usage of higher 
input voltages for SFg dissociation. Measurements were also 
taken over a variation of the He , SF ,H , and 0 flow rates 
resulting in the change of the optimum flow rates for the 
above listed gases. The new flows were found to be (1) SFg 
=.7167 grams/second (2) H 2 =.0220 grams/second (3) O 2 =.22 
grams/ second and (4) He = .05 grams / second . 

Target reflectivity/absorptivity measurements were taken 
and a dependence on incidence angle with the laser beam was 
found. For the P-doped Silicon wafer used, the power 
absorbed decreased over the range of 25 to 60 degrees. At 
the 25 degree angle approximately 95 percent of the incident 
power was absorbed. The reflected power was found to 
increase with the increase in target angle with approxi- 
mately 95 percent of the incident power being reflected at 
60 degrees. The results of these measurements are in general 
agreement with previously reported measurements. 

A design for reconfiguring the HF/DF laser system into a 
pulsed system was also formulated but was not tested. The 
design criterian was to utilize a capacitor bank to drop a 
high voltage pulse across the anodes of the laser. 
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I. INTRODUCTION 



A. HISTORICAL INFORMATION AND BACKGROUND 

The first chemical laser emission was experimentally 
observed in 1965 using a Hydrogen Chloride chemical laser 
[Ref. 1]. Since 1965 many chemical lasers have been devel- 
oped, which can be grouped into two different classes: 

1. Thermally Driven Lasers 

2. Electrical Discharge Driven Lasers 

Tables I and II list these developements through 1974. Our 
specific interest lies with the Electrical Discharge Driven 
Laser which will be discussed later. 

The primary goal of a chemical laser is to convert chem- 
ical energy efficiently into coherent radiation of high 
power [Ref. 2]. The following factors must be carefully 
scrutinized and highly controlled to achieve this conversion 
efficiently . 

1. The production rates of vibrationally excited 
molecules, Hydrogen Fluoride and/or Deuterium 
Fluoride (HF/DF) in our case, should be fast since 
these molecules are rapidly deexcited by fast colli- 
sional deactivation. 

2. The temperature of the active medium must be low 
since a large amount of heat produced in the reaction 
will increase the rotational energy which will 
decrease the population inversions on which the laser 
operates . 

3. The photon flux must be high and uniform in the 
cavity . 

These controls are important for high power production, as 
discussed in reference 2. The control of all three of these 
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factors was difficult in the pulsed lasers but, because of 
the gas dynamic techniques utilized in the continuous wave 
(CW) lasers, efficient extraction of high power from chem- 
ical reactions was obtained. 

Gas dynamic techniques were utilized in a chemical laser 
as early as 1967. The reaction of hydrogen with fluorine was 

known to be possible at a constant pressure in a supersonic 

flow thus allowing for control of the reaction and for the 
conversion of the energy released in the reaction to cohe- 
rent radiation. Two solutions in this supersonic flow work 
were: 

1. A free jet ’’flame" induced by a shock did not succeed 
for several reasons even with the advantages associ- 
ated with it. This solution will not be discussed 
here . 

2. A supersonic ’’flame" allowed a very fast mixing 

process in the active medium. 

In 1969 lasing was observed from a supersonic diffusion 

flame and this has led to the developement of the high- 
power, high-ef f iciency HF/DF lasers of today [Ref. 2] . 

The HF/DF laser at the Naval Postgraduate School (NPS) 
is an Electrical Discharge Chemical Laser in which the 
halogen atoms are formed by an electrical discharge rather 
than by thermal equilibrium dissociation. The dissociation 
technique is accomplished at low pressures and is relatively 
inefficient; hence this type of CW hydrogen halide laser has 
an inherently low power output on the order of 1 Watt, is 
relatively inefficient, does not appear to be scalable to 
higher power, but is amplitude and frequency stable, has a 
low cost, high spectral line output, and high output 
stability [Ref. 2]. Table II lists the lasers and summa- 
rizes the experiments and results obtained until 1974 in 
chronological order. 
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There is a need for a small-scale laser. Some of the 
applications of this type of laser are discussed in refer- 
ence 3 and are listed below [Ref. 3] 

1. small-signal-gain measurements, 

2. atmospheric propagation measurements, 

3. window-material and opt ical- coating developement , 

4. laser light sources for laser- induced chemistry 
experiments . 

Other applications for the use of the small-scale chemical 
laser are discussed by Cool [Ref. 4] and by Hinchen 
[Ref . 5] . 

In this presentation the basic theory of operation of a 
chemical laser’s production rates, the laser design and 
construction, and the operating characteristics of the NPS 
HF/DF laser will be discussed. From reference 6 we find that 
the DF laser is the most desirable laser to operate at sea 
level in the Infrared region and hence some useful atmos- 
pheric propagation measurements of the PjCS) transition line 
at 3.8007 micrometers could be performed. Another applica- 
tion that can be investigated is the surface reflectivity/ 
absorptivity, temperature rise, and thermal damage caused by 
irradiation of a target material. 

B. THEORY OF OPERATION 

The chemical laser is a very complicated system with 
many different types of reaction occurring simultaneously. 
It uses a chemical reaction to produce a population inver- 
sion between the states of the product of the reaction. The 
vibrational states of the molecular product are the states 
of major concern. The reaction is exothermal with the 
released energy being trapped partially or wholly in the 
excited states. The HF/DF laser at the Naval Postgraduate 
School is a hybrid laser in that the active reactants are 
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produced by electrical dissociatic if Sulfur Hexafluoride 
(SF, ) to provide t 1 e free fluorine oms neces ry for exci- 
tation with hydro' i. 

The type of reaction in which a product is formed in an 
excited state is of major concern. The population of the 
product state may be inverted with respect to some lower 
state thus allowing a lasing action. In the HF/DF laser 
hydrogen, or deuterium, reacts with the fluorine and 
produces a population inversion in some vibrational levels 
of the HF or DF molecules. Our primary concern is with the 
"cold" reaction where we have a heat of reaction of h= 
-31.7 kcal/mole. The basic reaction is [Ref. 7] 

F + H 2 = H + HF* (eqn 1.1) 
for the HF laser and is 

F + D 2 = H + DF* (eqn 1.2) 

for the DF laser. The reaction diagrams are shown as figure 
1.1. Any of the V=0,l,2,3 in HF and V=0,l,2,3,4 in the DF 
vibrational states can be generated by the chemical reaction 
specified in equations 1.1 and 1.2. 

More molecules will be found in the higher vibrational 
states than in the lower states, producing a population 
inversion. The inversion occurs because of the differences 
in the reaction rates between the vibrational states. 
Population densities for the different vibrational states 
are given in figure 1.2 [Ref. 7], The population inversion 
of n , n^ , and n^ can be seen within approximately 1 cm 
downstream of the flame. This distance is very critical when 
aligning the laser cavity for resonance. The alignment of 
the beam through the cavity must be within 0.8 mm of the 
acti i las: :g zone in the flame for lasing to occur. 
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The population of each vibrational state, n(V), can be 
written as the number of moles of HF in a particular state 
[Ref. 8]. 

Pv bn(O) = X (0) + 9(0) 

Ox 



Pv ,- n ( 11 = X(1) + 0(1) - 9(0) 
c x 



(eqn 1.3) 



Pv InJXf) = X(v f ) - 5(v f _l) 

^x 

where 

p - density 

v = velocity of the flowing system 

Vf = highest vibrational level considered 

X(V) ~ production rate of the state V by chemical and 
vibrational exchange 

0(V) = production rate of the state V by radiation in 
the transition V+l to V 

Solving for 0 and summing the results we get for the produc- 
tion rates: 

(V f -1) 

$ = I $(V)= A 1 -A z . ( e< 3 n 1-4) 

V=0 

where: (Vf-1) 

Al = Pv I (V f -V) inlY), (eqn 1.5) 

v=0 Ox 

(Vf-1) 

A 2 = £ (Vf-V) X (V) . 

V=0 ( eqn 1.6) 
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In order to find and A 2 we must examine one of the 
two limiting cases involving th mixing of the two gases 
hydrogen and fluorine. Once these atomic species are mixed 
the reaction starts immediately with the overall rate of 
reaction being dependent upon the chemical reaction rate and 
the rate of mixing [Ref. 8]. The limiting cases are fast 
mixing or slow mixing of the compounds relative to the reac- 
tion rate. The fast mixing or "premixed" case is the simpler 
of the two and will be examined further. The production of 
HF in this case is dependent upon and limited by the chem- 
ical reaction rate. A detailed description of the "premixed" 
situation is modeled in reference 9. 

In a transverse flow, steady state oscillator the gain 
is given by the relationship [Ref. 8] 



R 1 R 2 exp[2Lg(V, J)] = 1. (eqn 1.7) 

where g(V,J) is the gain coefficient per unit laser length, 
L. Equation 1.7 is the threshold condition and must be 
satisfied in order for lasing (steady state oscillation) to 
occur [Ref. 10]. The reflectivities of the mirrors in the 
cavity are given as R^ and R^ . The gain coefficient for a 
P-branch v.ibrat ional - rot at ional transition is 
g(v / j)=g r J exp[- J ( J-l ) T r /T ] 

* [n (V+l) -n (V) exp (-2JT r /T) ] ( e< 3 n 1-8) 

where 

T = the translational temperature, 

Tj. = the rotational temperature, 

J = the rotational quantum number of the upper state, 

9r = [CPT/(T r ) 3 / 2 ], 

C = the dipole matrix element, 
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p - the density of the species, 



^J=-l (emission) for a P-branch transition. 

Solving this set of linear equations 1.7 and 1.8 we find 
n(V) to be [Ref. 8] 



n (V) = 



1-exp (-2j6) 



1-exp ( -2j6 (V f +1) ) 

exp[ (J^-J) 6] 



exp (-2J^V 



n total 



) 



g r l jCl-exp (-2J^) 3 [ 1-exp (-2J& (Vf+1) ) ] . 

ft 

^ [l-exp (-2 J^V) ][ l-exp (-2J 5 (Vf+1) ) 1 
-Ivfexp(- 2 j 6 v) ][l-exp(-?J 6 ) 3 (eqn 1.9) 

+ [exp (-2J« (V+l) ) ]:i-exp(-?J 6 V f ) J j . 

V= 0 , 1 » • • • Vf t 



where 



6 = T r /T . 
v f 

• n HF = ^ n (V) 

V=0 

is the total number of HF moles per unit mass. 

Taking the derivative of equation 1.9 and combining it with 
equation 1.7 we can solve for . 



bn (V) 

- 



l-exp f-2 ) 



l-exp (-2jb (Vf+1 ) ) 



exp(-2j5) . 



(eqn 1.10) 



Al=pv 



l-exp (-2j6) 



bn H F (Vf-1) , , 

f) V 2 (Vf-V) exp (-2J^V)' 

V=0 



l-exp (-2J^ (Vf+1) ) 
where is determined from the chemical kinetics of the 

cJ.X 

reaction as well as from A 2 which represents the chemical 
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and vibrational energy exchanges. Table III shows the 
overall rate coefficients, k, and distribution constants, 
a(V), for specified chemical reactions. 

From [Ref. 8] we can define the net production of 
excited states, (V), as: 

X(V) = P 2 ka(V)n p n H 

+k HF n HF Ca HF - (V+l)n (V+l)-a Hp (V)n (V) ] 

+k F n F Ca p (v+1) n (V+l) -a p (V) n (V) ] 

(eqn 1.12) 

+k n [a (V+l) n (V+l) -a (V)n(V)] 

+f(k ,k. ) 

HF HF 

V= 0,1,2 



A detailed developement of equation 1.12 is given in refer- 
ence 9. The distribution constants, a(V), fix the rate of 
production for each vibrational level while k is the reac- 
tion constant. The product ka(V) is the rate into a partic- 
ular vibrational level V [Ref. 8]. Equation 1.12 contains 
terms representing the production of vibrat ionally excited 
HF , the V-T deactivation of HF by HF , deactivation due to F, 
deactivation due to Hj , and the V-V transfer of energy 
between HF molecules in collisions. A V-T reaction is a 
reaction in which the vibrational kinetic energy of the 
reactants is converted into translational kinetic energy of 
the colliding particles [Ref. 10]. Reference 10 shows the 
equation that is followed for the V-T reaction. 
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Now that we have the equation for the net production of 
excited states we need to determine the number of moles of 
each specific gas in the gas flow; n f ,n H ^ , n^ , and n H . The 
first equation of figure 1.1 gives the changes in fluorine 
and hydrogen density during the chemical reaction. 



V &n 

F = -V 






= -kPn F n H ^ 



(eqn 1.13) 



Utilizing the above equation and the conservation of mass 
(number of atoms) we can solve for the number of moles of 
each species in the gas flow [Ref. 8]. The zero in the 
superscript means the number of moles of a species at x=0. 
Assume that n^ =0 and n^=0. From the conservation of mass we 
have n^+n^p + 2^^ =n °H +n °HF + 2n°^ » n c +n u ~ n °c +n u > and 

n F +n HF =n °F +n HF * 



l F “H'“F 



n. 



[l-(n°^n° )jexp[-kP(n° - n°)x/v] 



0 



, n F [l- (n°/n°^) lexpC-kPCr^^-HpJx/v] 



n 



l-exp [kP (n^ -nJJ)x/v] 

ii ^ 



0, 



HF 



n. 



0 



L H 



( eqn 1.14) 



1- (rip/n° )expT-kP(n° -n F )x/v] ^ eqn 1 ' 15 ^ 



" H 2 = 



n. 



0 



n 



1-exp C-kP(n^ -n^Jx/v] 



0 i .0/0 ) r . n . 0 0. At1 ( ec 5 n 1-16) 

p 1- (n p /n H ) exp L -kP (n R -n p )x/Vj 



Using these three equations along with equations 1.6, 1.11, 
and 1.12 we can solve for A] and A 2 from which we can find 
the production rate of population in the V state by radia- 
tive means in the transition V + 1 to V designated 0 = 0(V). 

rad 
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( eqn 1.17) 



But we want to know the total output power available. We 
know the circulating power per unit volume inside the cavity 
is given as 



The total power per unit mole-density is then found by inte- 
gration of <P over the entire flow direction and is given as 



A = cross sectional area of flow, 

<*> = wavenumber of the laser transition, 
h= Planck's constant, 

N= Avogadro ' s number, 

P= units of watt s /mo le-vo lume . 

It must be said again that this is only a qualitative 
modeling of the HF/DF laser and did not assume any mixing 
conditions. In the actual HF/DF laser the mixing processes 
are as important as the kinetic’ processes. Figure 1.3 shows 
the difference in the mixed and premixed cases where the 
gain zone is shown as a function of downstream distance. 



gl . = hcN 0 ^ , • 
^ 1 rad 



(eqn 1.18) 




(eqn 1.19) 



where 
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TABLE I 

Thermally Driven Lasers [Ref. 2] 
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TABLE II 

Electrical Discharge Driven Lasers [Ref. 2] 
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Table II 

Electrical Discharge Driven Lasers ( cont ’ d . )[Re(,2] 
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exp [- 1600/RT] and e 2 = exp [-562/RT] . 
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Figure 1.1 Reaction Coordinate DiagramsjReu] 
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Figure 1.3 HF Premixed and Mixing Opt ions [Ref-8] 



II. LASER DESIGN 



A. INTRODUCTION 

The HF/DF laser at NPS is a small-scale continuous wave 
chemical laser. It was procured from the Aerospace 
Corporation in June 1976 and installed in Spanagel Hall room 
609 in July 1976. The entire system consists of a laser 
bench which supports the actual laser and houses the gas 
flow rate gauges and ballast resistors. Its support systems 
include 

1. gas supply system, 

2. water cooling system, 

3. dc power supply, 

4. vacuum system. 

5. scrubber system 

6. detector system 

The entire laser system is shown schematically in figure 2.1 
Most of the subsystems listed are discussed in reference 6, 
with the remaining ones being discussed later in this pres- 
entation. Step by step guidelines for the deration of the 
laser system will be discussed and outlined n the following 
chapter. Figure 2.2 shows the HF/DF laser flow channel. For 
convenience this has been sectioned into five regions 
[Ref. 3] 

1. discharge region, 

2. inlet region, 

3 . lasing zone , 

4. heat exchanger region, 

5. exhaust region. 

A detailed discussion of each of these regions follows in 
the next section of this chapter. 
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B. REGIONS OF THE HF/DF LASER 



1 . Discharge Region 

The discharge region consists of eight 1/16 inch 
diameter by 6 inch long Nickel discharge anodes supported 
inside a pyrex discharge tube with an inner diameter of 1.26 
inches and a wall thickness of 0.062 inches. The pyrex 
discharge tube is surrounded by a lucite tube acting as a 
water jacket with an inner diameter of 1.75 inches and a 
wall thickness of 0.25 inches. Both of these tubes are nomi- 
nally used in two lengths, 12 and 24 inches, with 10 and 20 
kV power supplies, respectively [Ref. 3]. There are also 
interface connections for SF^ , He, and O 2 inlets, water 
jacket cooling water inlet and outlet, and power supply 
anodes and cathode. 

SF 6 , He, and 0 2 are premixed at 100 psi and injected 
into the discharge region upstream of the 8 Nickel discharge 
anodes in order to provide the free fluorine radicals neces- 
sary to generate vibrat ional ly excited HF or DF molecules. 
Spencer, Beggs , and Mirels [Ref. 3] found that the discharge 
uniformity at the anodes was highly dependent upon the 
uniformity of the flow of gases at the tips of the Nickel 

anodes. They therefore made the gas injection as uniform as 

possible into the discharge region. SF^ is our source for 
the free fluorine radicals and is dissociated by a high 
voltage DC discharge. The dissociation of SF^ is a very 
complicated process with many different types of reactions 
occurring. Equation 2.1 is the least likely reaction to 
occur. It is placed in the text to show an initiation tech- 
nique for the production of the free fluorine radicals. 

e + SF 6 > e 4* S + 6F 

e + F -> e + F + F 

^ (eqn 2.1) 
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Experimental work showe ! that SF, w not being 

O 

completely dissociated at the laxiir n power jint which 

implied that the power could be lcreased if complete disso- 

ciation of SF^ were achieved [Ref. 11]. Addition of 0 2 into 
the discharge region increased the heat of combustion which 
led to an increase of the concentration of the free fluorine 
radicals by following the reaction 

SF^ + O 2 > SO 2 F 2 + 2F (eqn 2.2) 



The effect on laser power and efficiency of varying the flow 
rates of 0 2 and SF 6 is discussed in referen 1 11. The addi- 
tion of 0 2 also cuts down on the sulfur deposits on the 
discharge tube. 

The addition of He to the discharge flow acts to 
stabilize the discharge by reducing the required discharge 
voltage and reduces the gas temperature of the discharge 
flow by acting as a thermal diluent. 

The power supply is a Hipotronics DC power supply 
that applies a voltage to the mixed gases in order to disso- 
ciate the SF^ so that free fluorine radicals are available 
for interaction with hydrogen to form the excited HF . The 
power supply, model number 825- la, has input specifications 
of 440 V ac , 3d), 40 Amp, and 60 Hz with output specifica- 
tions of 0-25 kV dc at 1 Amp. The output is continuously 
adjustable which allows for proper ionization of the 
discharge flow. A diagram of the hipotronics DC power supply 
is shown in figure 2.3. 

The actual discharge takes place along the center- 
line of the pyrex discharge tube starting from the 8 nickel 
anodes and ending on a copper cathode. The hot flow of gases 
passes from the discharge region of circular cross-section 
into the inlet region of channel (rectangular) cross-section 
of approximately 10cm by 0.3cm. 
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2 . 



Inlet Region 



The temperature of the hot gas flow at the front of 
the inlet region is approximately 700 degrees Celsius 
[Ref. 3]. The hot gas flow carries the free fluorine into 
the inlet region. The H 2 is then injected into the flow from 
the top and the bottom of the flow channel through 80 holes 
each with a diameter of 0.0135 inches. The holes are situ- 
ated such that 40 are at the top of the channel and 40 are 
at the bottom of the channel transverse to the direction of 
gas flow. Just downstream of the Hj injection ports the H 2 
mixes with the free F in the lasing zone. 

3 . Lasing Zone 

In the lasing zone the H 2 mixes with the F to 
produce the excited HF for lasing. At this point in the 
flow field the temperature has decreased to a nominal 
temperature of 400 degrees Celsius. The lasing zone is only 
0.8 mm wide so that alignment of the cavity is very crit- 
ical. The alignment procedure for multiline operation is 
given in appendix C. 

4 . Heat Exchanger Region 

The remaining portion of the Amsulf block cavity 
acts as a heat exchanger to reduce the temperature of the 
gas flow to a nominal temperature of 200 degrees Celsius. 
The flow cross-section is also changed from the square 
channel geometry back to the circular geometry of the 
exhaust piping system for ease of exhausting the hot gas 
flow. 

5 . Exhaust Region 

The exhaust region consists of piping connecting a 
scrubber system with a vacuum pump system. The hot gas flow 



29 



exits the heat exchanger region and fl^ws into a scrubber 
system consisting of layered screened iwers of soda lime. 
As the gas flow passes through the drawers the soda lime 
neutralizes the noxious nature of the gases. A detailed 
description of the scrubber system is given in reference 6. 
The gas flow then is exhausted to atmosphere via the water 
cooled vacuum pump system which is also described in detail 
in reference 6 . 
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Figure 2.1 The NPS HF/DF Laser System 
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Figure 2.3 Hipotronics Power Supply 



33 



III. OPERATING CHARACTERISTICS 



A. INTRODUCTION TO HF OPERATION 

The HF/DF laser at NPS can presently be operated in four 
different configurations as listed below: 

1. HF multiline operation, 

2. HF single line operation, 

3. DF multiline operation, 

4. DF single line operation. 

Of the four listed configurations only the HF multiline 
operation will be discussed in any detail. The reasoning for 
this is to show that after seven years of non-operation of 
the laser the basic parameters established in 1977 for the 
operation of this l~ser have been re-established. 

After discussing the operating characterist ics of the HF 
multiline laser the reflectivity for the CW laser radiation 
of target materials will be reported and discussed as well 
as the potential design and subsequent operation of a system 
that will pulse the HF laser as well as increase the output 
power for future use with laser target interaction. 

B. HF MULTILINE OPERATION 

Data was obtained for the variation of power with the 
change in flow rate of each of the gases utilized with the 
HF/DF laser as well as with the change in input dissociation 
voltage. The results were in agreement with previously 
reported measurements and will be discussed further. 

The optimum flow rate of each of the gases was previ- 
ously determined to be: 

SF^ = 18 steel ball, 

Oj = 100 steel ball, 

H 2 = 3 steel ball, 

He = 45 steel ball, 

Input Voltage = 16.5 kV , 
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where these steel ball readings refer to the scale locations 
of the steel ball indicator in the flow meter. For the 
actual flow rates in grams/second see Table IV . Power 
output fluctuated between 1.00 and 1.60 Watts once these 
optimum conditions had been met . Further measurements showed 
that because of the new power supply that had been installed 
the input voltage for dissociation could be increased which 
changed the optimum operating conditions. The new optimum 
flow rates were found to be: 

SF, = 21 steel ball, 

O 

0 2 = 75 steel ball, 

H 2 =31 steel ball, 

He = 65 steel ball, 

Input Voltage = 19 kV. 

Power output fluctuated between 2.00 and 2.60 Watts once 
these optimum conditions had been met. By utilizing the 
higher voltage with the changed flow rates more SF^ could be 
dissociated thus forming more free fluorine radicals that 

j|C 

could combine with the hydrogen to form excited HF . This 
increased the maximum power output for the 95 percent output 
coupling mirror from 1.60 to 2.60 Watts which is approxi- 
mately a 62 percent increase in output power. 

Power variation with the change in SF 6 flow rate is 
plotted in figure 3.1. As the flow of SF^ was increased the 
power continued to increase until an optimum flow was 
achieved. This flow was a steel ball reading of 21 and 
corresponds to the flow rate at which SF^ is balanced with 
0 2 for maximum dissociation of SF 6 . It is highly unlikely 
that the SF^ will completely dissociate. We can also see 
from figure 3.1 that increasing the flow beyond a rate of 21 
the power begins to decrease. This decrease in power is due 
to the increase in collisional deactivation because of the 

j|C 

increase in density of the excited HF molecules. 
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Power variation with the change in H 2 flow rate is 
plotted in figure 3.2. The effects of the increase of H 2 
flow are similar to those discussed above for SF 6 . As the H 2 
flow rate increased the power increased and reached a peak 
at the optimum flow of H 2 at a steel ball reading of 31. 
This optimum flow was found to be the flow at which H 2 flow 
was balanced to the flows of SF 6 and 0 2 . As the flow of H 2 
was increased beyond the optimum flow point the power began 
to fall because of collisional deactivation. 

Power variation with the change in 0 2 flow rate is 
plotted in figure 3.3. The interesting point about this 
figure is that at a zero flow of 0 2 lasing occurred at a 
power out of approximately 0.1 watts. As the flow of 0 2 was 
increased the power abruptly increased by a factor of 16 and 
continued to increase an additional factor of 5 until the 
optimum flow was obtained at a steel ball reading of 75. The 
addition of 0 2 assists in the oxidation of the fuel flow and 
increases the dissociation of SF 6 by increasing the heat of 
combustion as given by equation 2.2. 

Power variation with the change in He flow rate is 
plotted in figure 3.4. From the figure we see, like 0 2 , that 
He is an auxilliary gas which maximizes the density of the 

5jC 

excited HF in the lasing zone. The excited HF is buffered 
from collisions with other excited HF by the addition of 
He, thus avoiding a loss of excited HF . Essentially, the 
collisional self -relaxation of the excited HF is prevented 
from occurring until after it has passed the gain 
zone(lasing zone) of the cavity. The interesting point about 
this figure is the twin peaks of power occurring at steel 
ball readings of 40 and 65 respectively. All previous exper- 
imentation has not shown this type of result so further data 
was taken. The optimum He flow was found to be 65 in 
conjunction with the previous stated flows c SI^ ,H 2 , and 
0 2 . Power output was nominally 0.4 Watts higher than when 
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operating at a flow of 40 for long periods of operation. 
Based on these findings the conclusion was made that a 
proper settling time for the laser must be allowed when and 
after changes in flow have occurred. In addition, when gas 
in the bottles is below 250 psi they should be changed in 
order to prevent any unwanted fluctuations in flow. 

Power variation with change in input voltage is plotted 
in figure 3.5. From the figure we can see that the increase 
in input voltage does increase the power output of the 
laser. The peak power output occurred at 19 kV. As the input 
voltage continued to increase the power out began to fall. 
The increase in power was obtained because the increase in 
voltage allowed for an increase in dissociation of the SF 6 . 
The power began to fall off because the increase in free 
fluorine radicals increased the density of excited HF 
molecules thus increasing the possibility of collisional 
deactivation. The presence of ground state HF will decrease 
the gain, but gain is proportional n Hf *j Y+ ^ -n^*^ 

C. TARGET REFLECTIVITY/ABSORPTIVITY 

Target ref lectivity / absorptivity measurements were taken 
utilizing the HF/DF laser. The target material chosen was a 
polished Silicon wafer with the Silicon crystals doped with 
Boron. There were two reasons for using these wafers as 
target materials: 

1. Silicon is the basis material for many commercial and 
military electro -opt ical sensing systems. 

2. The same target material was used by Chenoweth and 
Johnson in target damage interaction measurements. 
Future target damage measurements with the HF/DF 
laser could be compared to the measurements obtained 
by Chenoweth and Johnson which are described in 
reference 12 . 
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he basic experimental setup is shown in figure 3.6. T a 
output power was measured over a number of readings in ore r 
to obtain an average power output that would be interacting 
with the target material. This average power output was 
found to be 2.26 Watts. The output power was then split by a 
CaF 2 beamsplitter prior to target interaction. The measure- 
ments obtained showed that the power split from the main 
output beam was 0.4537 Watts. The average power incident on 
the target was measured as 0.4600 Watts. 

The target material was placed into a lens holder and 
mounted upon a brass angle indicator so that measurements of 
power reflectivity from the target could be taken as a func- 
tion of target angle relative to the incident laser beam. 
Measurements of the specularly reflected power were taken in 
five degree increments over a range of forty degrees 
starting with 25 degrees and ending with 65 degrees. Figure 

3.7 shows the effect of target angle on ref lected. power . As 
the angle increased from 25 to 60 degrees the power 
reflected increased. At the target angle of 65 degrees the 
reflected power decreased substantially. This decrease in 
reflected power is thought to be due to the misalignment of 
the power detector measuring the reflected power. Figure 

3.8 shows the power absorbed as a function of target angle. 
From this figure we can see that as the angle was increased 
the power absorbed by the target decreased. 

The laser beam was positioned so that it was normal to 
the target. The target was then rotated through the range of 
angles descibed above. As the target angle was changed the 
reflected power specular angle changed; therefore the power 
detector had to be moved to find the maximum power 
reflected. This was not an easy task and took considerable 
time to move the detector to the optimum power measurement 
position . 
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The most interesting and important finding of these 
measurements was that the amount of ref lected/ absorbed power 
by a Silicon, Boron doped, polished target was dependent 
upon the angle of the target with the incident laser beam. 

D. PULSE SYSTEM LASER DESIGN 

The design of a system that will enable the pulsing and 
the increase in output power of the NPS HF/DF laser is of 
concern for the measurement of laser target interaction and 
the comparison of those measurements with previously 
reported measurements of a Neodymium glass laser by 
Chenoweth and Johnson in reference 12. By obtaining a high 
power, short duration pulse, laser target interaction meas- 
urements can be taken. 

The basic idea of the design is founded upon the fact 
that not all the SF 6 in the discharge flow is being dissoci- 
ated by the applied input voltage. By dropping a high 
voltage of short duration across the anodes of the laser 
while there is flow across those anodes it is hoped that 
more SF^ can be dissociated so that there will be more free 
fluorine radicals available for reaction with the Hj 
injected into the laser cavity. Further discussion of this 
design will be given in chapter 4. 

Figure 3.9 shows the design recommended for wiring and 
testing to pulse the NPS HF/DF laser. From the figure it can 
be seen that three high voltage vacuum switches will be 
needed as well as a 15 ki? resistor rated at 225 Watts. A 
variable resistance is also shown and will be discussed in 
chapter 4. A connection from the high voltage tank for the 
** 1 HV (high voltage) vacuum switch in series with the 15 k Q 
resistor to the capacitor bank must be accomplished . There 
must also be a connection on the same output line from the 
high voltage (HV) tank for the **-3 HV vacuum switch to the 
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ballast resistors. An additional line must be connected via 
the **2 HV vacuum switch and a variable resistance, to be 
determined, to the eight anode connections of the discharge 
tube . 

The operation of the design would be simple. First the 
flow rates of the gases could be set by closing HV 1 and 
opening HV # 2 and #3. This allows for application of high 
voltage to the discharge tube for setting of the flow rates 
for an optimum lasing condition. Next the high voltage would 
be secured and HV # 3 would be opened and HV # 1 would be 
closed, HV*t2 would remain closed while the charging of the 
capacitor bank was being accomplished. Application of the 
high voltage would then charge the capacitor bank with the 
15 k Q resistor ensuring that it would be done slowly. Once 
the capacitor bank is charged HV *1 would be opened and then 
HV*t2 would be closed. The closure of HV &2 would discharge 
the voltage stored in the capacitor bank across, the eight 
anodes in the discharge tube. The variable resistance could 
be utilized to control the time it takes for the capacitor 
bank to discharge. This design should allow the use of the 
HF/DF laser as a pulse laser. 
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TABLE IV 



Approximate Flow Rates for Steel Ball Readings 



EEL BALL 


He 


, o 2i 


H2 


SFc 


ADING 


(E/S) 


E/s 


( E/s ) 


(S/s) 


0 


0 


0 


0 


0 


2 


.0017 


. 0067 


.00 10 


.0100 


4 


.0033 


. 0133 


.0025 


. 0900 


5 


. 0050 


. 0200 


.0033 


. 1000 


6 


. 0067 


. 0267 


.0040 


. 1617 


8 


.0083 


. 0333 


. 0055 


. 2233 


10 


.0100 


. 0400 


.0070 


. 2850 


12 


.0 132 


. 0440 


.0085 


. 3590 


15 


.0163 


.0500 


.0108 


. 4700 


18 


.0194 


. 0590 


.0130 


.5933 


20 


. 0225 


. 0650 


.0145 


.6550 


21 


.0229 


. 0700 


.0158 


.7167 


23 


. 0234 


. 0750 


.0 170 


. 7783 


25 


. 0238 


. 0800 


.0183 


. 8400 


30 


.0250 


. 0950 


.0220 


1.0250 


35 


.0300 


. 1000 


.0253 


1. 2100 


40 


.0350 


.1150 


.0295 


1. 3950 


45 


. 0380 


. 1300 


.0333 


1.5800 


50 


. 0400 


.1450 


.0370 


1. 7650 


55 


.0425 


. 1600 


.0403 




60 


. 0450 


. 1750 


.0445 




65 


.0500 


. 1900 


.0483 


- 


70 


. 0538 


. 2050 


.0520 




75 


. 0575 


. 2200 


.0558 




80 


. 0600 


. 2350 






85 


. 0625 


.2500 






90 


. 0650 


. 2650 






95 


. 0675 


. 2800 






100 


. 0700 


.2950 
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FLOWS ARE STEEL BALL READINGS 
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Figure 3.2 Power Variation with H~ Flow 
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FLOWS ARE STEEL BALL READINGS 
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VOLTAGE (KILOVOLTS) 
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Figure 3.6 Laser/Target Interaction Diagram 
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Figure 3.8 Power Absorbed vs Target Angle 
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Figure 3.9 HF/DF Pulse Laser System Design 



IV. CONCLUSIONS 



A. LASER OPERATING CHARACTERISTICS 

The final results of the operating characteristic meas- 
urements of the HF/DF laser at NPS were in general agreement 
with the previously reported data by Spencer, Beggs , and 
Mirels [Ref. 3] as well as with Funk and Sontheimer 
[Ref. 9]. The major accomplishment of performing these 
measurements was found to be that the replacement of the 
previous power supply with the Hipotronics power supply 
increased the power output of the laser. This was accom- 
plished by the ability to raise the discharge voltage from 
15.7 kV to 19.0 kV. This increase in voltage caused a higher 
amount of SF^ to be dissociated thus allowing for a greater 
power output . 

The optimum flow rates of the various gases were found 
to change with the change in optimum input voltage. These 
new flow rates were found to be: 

1. SF^ = .7167 grams/second 

2. H 2 = .0220 grams/second 

3. O 2 = .2200 grams/second 

4. He = .0500 grams/second 

These flow rates as well as the 19 kV input voltage yielded 
an output power fluctuating between 2.00 and 2.46 Watts with 
a maximum output power of 2.60 Watts reported. This power 
increase is approximately 60 percent better than the previ- 
ously reported data of Funk and Sontheimer. 

B. POWER VARIATION WITH TARGET ANGLE 

The effect of target angle upon the amount of power 
ref lected/absorbed by the target was substantial. As the 
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angle of the beam to the target increased the power 
ref cted incr lsed and the power absorbed decreased. The 
an^.e at which there was found to be maximum reflection was 
60 degrees. The data for the target angle of 65 degrees is 
in error and does not follow the trend of increased reflec- 
tivity with target angle. This error is most probably due to 
a misalignment of the detector measuring the reflected power 
from the target. We would expect that the power reflected 
would increase with target angle and when a grazing is 
approached the maximum power reflected would occur. We would 
also expect to find that the maximum power absorbed would 
occur when the target is normal to the beam. The data taken 
is in agreement with these expected results. 

C. PULSE SYSTEM DESIGN 

The design of the system to pulse the HF/DF laser is 
described in chapter 3. It will pulse the laser dependent on 
the variable resistance that should be experimentally deter- 
mined. The variable resistance can be tested at several 
different settings to obtain an optimum time of discharge 
for the capacitor bank. Power measurements with different 
resistor settings should be taken in order to find the 
optimum resistor setting for the maximum amount of power 
output per pulse. This is only a conceptual design for 
pulsing the HF/DF laser and should only be used as a basis 
for upgrading the present laser system. 

D. RECOMMENDATIONS FOR FURTHER STUDY 

The first and primary recommendation for further study 
is to rewire the power supply to a capacitor bank via vacuum 
high voltage switches in order to obtain a pulse system 
configuration of the HF/DF laser. The design is discussed in 
chapter 3 . 



52 



Once the pulsing has been accomplished for the laser, 
target interaction and damage measurements can be obtained 
for Boron doped Silicon targets. These measurements can be 
compared and contrasted to the measurements given for the 
Nd laser by Chenoweth and Johnson in reference 12. 

Another important feature is that the discharge flow of 
the gases is exhausted to atmosphere without being totally 
utilized in the gain zone of the laser. A design for a 
system that would recirculate the gases back into the cavity 
and through the gain zone would be beneficial in extracting 
more of the free fluorine radicals and unused H~ for 
increasing the amount of excited HF . This would require 
chemical separation of all the reactants. Some Oj , Hj , and 
all the He should be recoverable and need not be separated. 
The fraction of SF 6 to be recovered should be determined. 

Lastly, the further experimental observations of the 
operating charact eris t ics of the HF/DF laser should be 
investigated utilizing the new power supply. In particular, 
an 85 percent reflectance mirror should be obtained and 
measurements taken for power output as a function of flow 
rate. Funk and Sontheimer found that by using the 85 percent 
reflectance mirror their power output increased from 1.6 
Watts to 6 Watts. Based upon this data a predicted power 
output with the new power supply would be approximately 9 
Watts . 
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APPENDIX A 



START UP PROCEDURES 

1. Turn vacuum pump coolant water on. 

2. Insert key into security lock and energize. 

3. Energize vacuum pump. 

4. Open scrubber vacuum roughing valve slowly. 

5. Open all gas cylinder valves at the regulators. 

6.. Energize ballast resistor cooling fans and cavity 
cooling pump. 

7. Energize high voltage power supply. 

8. Apply high voltage to discharge tube. 

9. Turn on He to desired flow rate. 

10. Turn on SF^ to desired flow rate slowly. 

11. Turn on O 2 to desired flow rate. 

12. Turn on Hj/Dj to desired flow rate. 

13. Vary the cavity vacuum roughing valve to the desired 
pressure . 



54 



APPENDIX B 



SHUT DOWN PROCEDURES 



1. Secure high voltage. 

2. Close H 2 ,0 2 , and SF 6 gas cylinder regulator valves. 

3. Close He flow valve on gas control panel. 

4. Pump down H 2 ,0 2 , and SF 6 to clear lines. 

5. When lines have cleared secure scrubber vacuum 
roughing valve. 

6. Open He flow valve to fill cavity up to one atmos- 
phere He. (Relief valve on vacuum gauge opens at 15 psi). 

7. Secure He gas cylinder regulator valve. 

8. Allow about five minutes to cool down ballast resis- 
tors and cavity cooling water. 

9. Secure ballast resistor cooling fans and cavity 
cooling pump. 

10. Secure vacuum pump power. 

11. Turn off vacuum pump cooling water. 

12. Turn security lock to off position and remove key. 
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APPENDIX C 



LASER CAVITY ALIGNMENT 

1. Take out the output coupling mirror (M.^) and cover 
the 100 percent reflectance mirror (M.j). 

2. Energize the laser with all the gas flows and the 
discharge voltage set at the optimum conditions. 

3. Observe the location of the hydrogen- fluorine flame, 
about 1.5 mm downstream of the hydrogen injection ports. 

4. Secure the laser, replace M 2 , and uncover Mj. 

5. Set up a He-Ne (6328 A) alignment laser and a beam- 
splitter (microscope glass slide) as shown in reference 6. 

6. Place a piece of white paper in front of M 2 and posi- 
tion the He-Ne laser beam through the cavity, unobstructed, 
at the point determined in step 3 above. 

7. Adjust M 2 to reflect the beam back through the cavity 
at the flame location. 

8. Place a piece of white paper in front of Mj and opti- 
mize the beam on M-j . 

9. Remove the paper from M-j and reflect the beam back 
through the cavity and strike M 2 in the same position that 
the original beam was incident upon M 2 . 

10. Step 9 is critical and must be within 0.8 mm for 
lasing to occur, therefore, place an index card with a 1 mm 
hole in it in front of M 2 with the original beam going 
through the hole. 

11. Adjust M-j until the reflected beam is incident upon 
the ho le . 

12. Energize the laser with all the gas flows and the 
discharge voltage set at the optimum conditions. 

13. Observe the power meter for indication of lasing. 
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14. Repeat steps 4 through 14 until the presence of 
lasing is observed. 

15. Once lasing has been established obtain required 
measurements . 
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